Aim To discuss the aims, methods, and results of a population-based cross-sectional prevalence survey of children ≤15 years, in South India and compare it with a study conducted earlier, in the same area. We also discuss the changing trends in the domain of childhood blindness in India. Methods A population-based cross-sectional prevalence survey of children ≤15 years, in Pavagada and Madhugiri taluks of Tumkur district in Karnataka state in south India, was conducted in 2 phases. One trained medical-social-worker and one field-investigator identified eligible children and brought them to a makeshift clinic in the village school, where they were examined by an ophthalmologist. Children with minor problems were treated on the field and those with major conditions were referred to the pediatric ophthalmologist in the tertiary hospital. The prevalence of specific diseases were calculated in percentages.
Introduction
Nineteen million childrens, around the world are visually impaired and 1.4 million are blind [1] . The control of blindness in children becomes important for the following reasons: (a) Many of the conditions associated with blindness are also causes of child mortality; for example, vitamin A deficiency, measles, prematurity, congenital rubella syndrome, and meningitis [2] . (b) Since children have a life time of blindness ahead of them, number of blind years is second only to cataract blindness [2] . (c) Loss of vision has a significant impact on the child's psychological, educational and socio-economic conditions, not only during childhood, but extending into adulthood [3] .
Population-based studies are required to plan an economically prudent and targeted approach to the problem of childhood ocular morbidity (COM), to design robust preventive eye care measures and healthcare management. There are limited population-based data on the epidemiology of childhood blindness owing to the methodological challenges in obtaining accurate information on rare and heterogeneous ocular disorders [3] .
With these factors in mind, the Pavagada Pediatric Eye Disease Studies (PPEDS) 1 and 2 were initiated. The objectives, methodology and participant characteristics [4] and the results of PPEDS 1 [5] have been published.
In this paper, we describe the methodology and results of the PPEDS 2 and try to draw a comparison and a meaningful conclusion between the studies. We also discuss the changing trends in the domain of childhood blindness in India.
Objectives
The aims of this study were to determine the prevalence of childhood blindness and ocular morbidity among children ≤15 years of age in 2 socio-economically backwards taluks (sub-districts) in south India.
Materials and methods
This is a population-based cross-sectional descriptive study of children ≤15 years of age, conducted from August 2012 to December 2013. It was approved by the Institutional Review Board of the hospital and conducted within the tenets of the Declaration of Helsinki.
Setting
The study was conducted in Pavagada and Madhugiri taluks in Tumkur district of Karnataka state in south India ( Fig. 1) , with a combined population of 512,007 (2011 census). The eye hospital in Pavagada was able to give secondary level eye care on a routine basis and tertiary level eye care was given by a tertiary eye care hospital situated in a nearby city.
Participants
Children ≤15 years of age, residing in the study area were eligible to participate in the study. Selection of participants was undertaken by a medical-social-worker and fieldinvestigator who mapped and enumerated all occupied residential households in the defined study area. The study was conducted in two phases. In the first phase, eligible children from the households surveyed were identified and brought to the makeshift clinic in a school, on the day of the examination. One ophthalmologist performed all the ophthalmic examination procedures. The medical-social-worker and field-investigator were trained to measure the visual acuity using an illiterate E Log Mar chart or Lea symbols and the stereo-acuity using Lang stereo test. Children who were unable to respond to the E chart/Lea symbols were assessed for the ability to fix and follow light and objects. The ophthalmologist then, evaluated the extraocular movements, did a Hirschberg's test, cover test at ½ meter and 3 m distance, and an external examination of the eye and adnexa using the magnification of the 20D lens. The following children were taken up for cycloplegic refraction and a detailed evaluation: Children aged 2 years and not cooperative for visual acuity recording/did not fix and follow light/objects, 3-4-year-old children who could not read the 3/7.5 line [6] , 5-year-old children who could not read the 3/ 6 line [6] , children ≥6 years who could not read the 3/4.8 line, failed stereopsis test, limitation of extraocular Fig. 1 Showing the geographical location of the study area in the country and the state movements, strabismus, ptosis, microphthalmia, anomalous head position, lacrimal and lid anomalies, nystagmus, heterochromia, anisocoria, and afferent pupillary defect. Dilatation was achieved with 1% cyclopentolate in each eye repeated three times at 5 min intervals. For children under 1 year, a combination of 0.5% cyclopentolate and 2.5% phenylephrine were used. Cycloplegia was considered complete if the pupil was dilated to ≥6 mm and light reflex was absent. Cycloplegic auto-refraction was then performed. Manual retinoscopy with streak retinoscope was performed in children who did not co-operate for autorefraction. The slit lamp examination of the anterior segment was followed by fundus examination with the indirect ophthalmoscope. The principal cause of ocular morbidity/ blindness was assigned after completion of the ocular examination and major site of ocular morbidity/blindness was noted. When there were co-existing eye diseases, a clinical decision during the examination was made by the ophthalmologist as to the primary cause of the ocular morbidity/blindness. Refractive error was recorded as the cause of visual impairment in eyes improving to 3/4.8 or better with refractive correction. Children with major eye diseases like strabismus, nystagmus, amblyopia, abnormal fundus, media opacities like cataract, corneal opacity or vitreous hemorrhage and previous surgery were referred to a pediatric ophthalmologist. Children whose vision improved with refractive error correction in either eye were prescribed and provided spectacles within 2 weeks of the examination.
In the second phase, children who required the services of a pediatric ophthalmologist were brought to the peripheral rural hospital on the day when the specialist was available, who then suggested the appropriate management.
Sample size calculation
The sample size was calculated using the formula 4pq/l 2 where p = prevalence of the factor of interest, q = 1-p or 100-p if it is expressed as a percentage, and I is the acceptable margin of error. The major disorder of interest for sample size calculation was ocular morbidity [9.39 % (95% CI 8.006-10.93)] [prevalence of ocular morbidity taken from personal communication-Babu RB. The Madhugiri pediatric eye disease study. April 2010]. Taking 8% (lower limit of CI) as the prevalence, 10% acceptable margin of error and design effect of 1.5, the sample size was determined to be 8115.
Sampling frame
The percentage of children in the total population was about 25.33% (2011 census). To be able to screen 8115 children, the total population (including adults) to be surveyed in the study area was about 32,048. In order to do a comparative study between the rural and urban populations, we took half the sample from the urban area and the other half from the rural area. Therefore the rural and urban population to be studied was 16,024 (including adults), in each group. The average household size in the study area was estimated to be 4.8. Thus, the total numbers of households to be covered in each group was 3338 amounting to a total of 6676 households.
Enumeration of villages
There are 145 and 297 villages in Pavagada and Madhugiri, respectively, and a total of 42 urban wards (20 in Pavagada and 22 in Madhugiri). These villages/urban wards were standardized according to the size. Villages/urban wards with <200 households were clubbed together, the total number not exceeding 400 households. Those with household size ranging from 200 to 400 were retained as they were and those with 400+ households were divided into two or more units.
The number of standardized villages in the 2 taluks were 355. Of the 355 standardized villages, we chose 30 standardized villages (15 from Pavagada and 15 from Madhugiri). Twenty-five urban clusters were selected from the list of 41 standardized urban wards (12 urban wards from Pavagada and 13 from Madhugiri). The names of all the 355 villages and 41 urban wards were written in pieces of paper, shuffled and 30 villages/25 urban wards were picked randomly. The route map for the survey was then made and the villages/urban wards were coded. About 165 children were enumerated per cluster.
Definitions used in the study

Urban ward
The definition adopted was as follows: (a) All statutory places with a municipality, corporation, cantonment board, or notified town area. (b) A place satisfying the following three criteria simultaneously: 1. A minimum population of 5000. 2. At least 75% of male working population engaged in non-agricultural pursuits. 3. A density of population of at least 400 persons per sq. km [7] .
Rural cluster (village)
All that do not come under the urban cluster definition were considered rural.
Ocular morbidity was defined as ocular pathology requiring clinical intervention or follow-up [8] .
Blindness was defined as the best corrected visual acuity less than 3/60 and visual field 10 degree or worse in the better eye (WHO).
Moderate visual impairment was defined as presenting visual acuity less than 6/18 to 6/60 in the better eye (ICD-10) [9] .
Severe visual impairment was defined as the presenting visual acuity less than 6/60 to 3/60 in the better eye (ICD-10) [9] .
Amblyopia was defined as decreased visual acuity of less than 6/12 or worse, in one or both eyes, due to abnormal binocular interaction and/or pattern vision deprivation with no apparent organic lesion, which can be corrected by appropriate treatment [10] .
Xerophthalmia
Encompasses the clinical spectrum of ocular manifestations of vitamin A deficiency from milder stages of night blindness and Bitot's spots, to potentially blinding stages of corneal xerosis, ulceration and necrosis (keratomalacia) [11] .
Bitot spots
Advanced dryness of the conjunctiva composed of desquamated keratinized epithelium, cheesy or foamy in appearance due to vitamin A deficiency [12] .
Refractive errors
Myopia was defined as a spherical equivalent refractive error of more than −0.5 D & hyperopia of more than +2 D [13] .
Strabismus
Misalignment of the visual axis causing an outward, inward, upward, or downward deviation of either eye.
Pediatric cataract
Lens opacity in one or both eyes, in children less than 15 years, due to any etiology, dense enough to cause vision less than 6/9 was considered as a pediatric cataract.
Anophthalmus
Anophthalmia refers to complete absence of the globe in the presence of ocular adnexa (eyelids, conjunctiva, and lacrimal apparatus) [14] .
Microphthalmos
For the purposes of this study, we considered children with a corneal diameter of <9 mm as microphthalmos, since we did not have access to ultrasound machine to measure the axial length of the eye.
Coloboma occurs due to the failure of closure of embryonic fissure.
Retinal degenerations or dystrophies
Inherited photoreceptor and/or retinal pigment epithelial dysfunction of obscure origin.
Statistical analysis
The overall prevalence of blindness, ocular morbidity and various eye anomalies, according to the anatomical site was calculated in percentages. Ninety-five percent confidence limits were calculated for prevalence rates assuming a binomial distribution, using the formula, p ± 1.96 √(p(1 − p))/n, where p is the prevalence of the ocular morbidity and n is the total population screened. The prevalence of the various eye disorders, ocular morbidity and blindness between the two studies were compared using the p-value and a value <0.05 was considered significant.
The dissimilarities and similarities between the studies have been highlighted in Table 1 .
Results
A total number of 9052 children were enumerated (though the sample size was 8115, the medical-social-worker and field-investigator enumerated about 165 children in each village/urban ward). A total of 499 childrens refused an eye examination; hence 8553 children were examined (response rate-94.49%).
The demographic and baseline characteristics of the study population, the children who refused an eye examination and the children with eye diseases are shown in Table 2 .
There was almost equal distribution of males and females (50.3% males and 49.7% females) in children with eye diseases. The prevalence of ocular morbidity was 6.54%. The most common cause of ocular morbidity was refractive errors (2.77%), in PPEDS 2. Table 3 shows the prevalence of ocular morbidity, blindness and various eye anomalies (according to the anatomical site) in PPEDS 1 and 2. There was significant difference in the prevalence of disorders of the lid and adnexa (p = < 0.001), strabismus (p = 0.014) and refractive errors (p = < 0.001) between PPEDS 1 and 2. There was great variability and no specific pattern in the male to female ratio in children with specific eye diseases (for e.g., there were nine males and four females in children with whole-globe anomalies, four males and 11 females in children with uveal disease, three males and four females in children with lens disorders and three males and one female in children with retinal disorders). The prevalence of blindness (BCVA of <3/60 in the better eye) in PPEDS 2, was 0.09% (0.9/1000). The causes of blindness in PPEDS 1 and 2 are shown in Fig. 2 . The most common cause of blindness in PPEDS 1 was retina (44%) and whole-globe anomalies (25%) and uveal coloboma (25%) in PPEDS 2. Out of the eight children with blindness in PPEDS 2, four were males and four were females.
There were 21 children (0.25%) (9 males and 12 females) with moderate visual impairment (presenting visual acuity (PVA) of <6/18 to 6/60 in the better eye), which were all due to uncorrected refractive errors. One male child (0.04%) with status post penetrating keratoplasty, had severe visual impairment (PVA of <6/60 to 3/60 in the better eye). Nine children (0.11%) (5 males and 4 females) had a PVA of <3/60. Out of this one male child with subluxed lenses in both the eyes, improved with aphakic correction and had a BCVA of 6/15 in the better eye. Out of the 31 children with a PVA of <6/18 in the better eye, 12 children did not improve with correction. In 19 children the BCVA in the better eye was >6/18. That means 61.29% of the children had avoidable visual impairment. The study was conducted in 3 phases. 1st phase: Field workers were used to screen children with eye diseases. 2nd phase: The children with eye diseases were seen by a general ophthalmologist in a peripheral rural hospital. 3rd phase: Children with major eye diseases like cataracts, strabismus and retinal dystrophies were seen a pediatric ophthalmologist once a month.
The study was conducted in 2 phases. 1st phase: Enumeration and identification of children were done by a medical social worker and a field investigator. One single ophthalmologist then examined all the eligible children in makeshift eye clinics. Minor eye diseases like refractive errors, conjunctivitis were treated by the general ophthalmologist. 2nd phase: Children with major eye diseases were seen by the pediatric ophthalmologist in the tertiary eye care hospital.
Field work: Ten field workers were trained, validated and used for screening. They were given preformed questionnaires and taught to record vision and do a basic torch light examination of the eyes. If the answer to any one question was 'yes' (in the questionnaire), they were asked to refer the child for a detailed ophthalmic examination in the peripheral rural hospital. No ophthalmologist was present at this stage.
Field work: One medical-social-worker and one field-investigator did the identification and enumeration of the children. They assisted the ophthalmologist in the field in assessing the vision. They were not involved in examination of the children. The medical-social-worker and field-investigator asked the mothers of the children with eye disease to fill up a questionnaire, to assess the barriers to eye care. The questions were readout to mothers who were illiterate The percentage is of the number of children with eye disease, as compared to the number of children screened in each age group 
Discussion
When we planned PPEDS 1, we were keen on using trained field workers and not ophthalmologists, for screening. This way, the qualified ophthalmologist could use his/her time more optimally in secondary or tertiary care hospitals. Unfortunately we were not successful in this endeavor. Though PPEDS 1 was planned to be in three stages, it could not be conducted in three stages, since a large proportion (60%) of the children referred by the field workers did not come to the peripheral rural hospital and had to be evaluated in the field by the pediatric ophthalmologist. Hence, when we conducted PPEDS 2, we modified our field activity plan so that all children were seen by the same ophthalmologist in make shift clinics in the village schools or in the mobile ophthalmic van. This way, we observed that the response rate was significantly higher (77.39% in PPEDS 1 vs 94.49% in PPEDS 2). The difference in prevalence of ocular morbidity in PPEDS 1 and 2 (2.66% in PPEDS 1 and 6.54% in PPEDS 2) was statistically significant (p = < 0.001). The main diseases which contributed to this difference were disorders of lid and adnexa (p = < 0.001), strabismus (p = 0.014), and refractive errors (p = < 0.001). This difference could be attributed to the fact that, in PPEDS 1, we used trained field workers to do the first level of screening and in PPEDS 2, all children were examined by an ophthalmologist. There could be a possibility that the field workers may have missed minor diseases like blepharitis and conjunctivitis, thus erroneously decreasing the prevalence of the disorders of lid and adnexa. Intermittent and small angle strabismus can be better detected with a cover test which was done by an ophthalmologist in PPEDS 2 and was not done by the field workers in PPEDS 1. However, the prevalence of blindness in both the studies were almost the same (0.08% in PPEDS 1 and 0.09% in PPEDS 2, with a p-value of 0.668). This shows that, though the field workers missed detecting minor eye diseases, they were able to detect major eye diseases leading to blindness.
The causes of childhood blindness can be divided into unavoidable and avoidable causes. Unavoidable causes include congenital abnormalities, optic atrophy, and retinal dystrophies [15] . The preventable (corneal scarring due to vitamin A deficiency) and treatable causes (childhood cataracts) make up the avoidable causes of childhood blindness. Avoidable causes of blindness have been reported to be more commonly prevalent in the lower income countries [16, 17] , whereas unavoidable causes of blindness are more common in the higher income countries [3, 18] . In the 1990s, the most common causes of childhood blindness in Asia and Africa were corneal scar, cataract, glaucoma, and optic atrophy [19] [20] [21] . A study conducted on 1318 blind school students in India (lower middle income country) in 1995 [17, 22] showed corneal causes (due to vitamin A deficiency) to be the most common cause of childhood blindness. A more recent study published in 2012, conducted in blind schools in Andhra Pradesh shows wholeglobe anomalies to be the main cause of blindness [23] . There is no data available on population-based studies on childhood blindness in India in the 1990s. The more recent population-based studies from India by Dandona et al. [24] , and Dorairaj et al. [25] , show lens anomalies as the main cause of blindness. Another study by Nirmalan et al. [8] shows refractive error to be the main cause of blindness.
In a study conducted in Bangladesh (lower middle income country), un-operated pediatric cataract was the single most common cause of childhood blindness followed by corneal scarring [16] . In Pakistan (lower middle income), corneal blindness remains the main cause for childhood blindness [26] . A study conducted in Vietnam (lower middle income), which included a population-based sample and a sample from the schools for the blind, found uncorrected refractive errors and retinal causes as the major cause of blindness [27] . In a recent study conducted in Malaysia (upper middle income), diseases of the retina were a major cause of visual impairment with retinopathy of prematurity being an important avoidable cause [28] .
Among the lower income countries, a study conducted in Nepal showed amblyopia and congenital cataracts to be the most common cause of blindness with 2/3 of the blindness being due to avoidable causes [29] . A 2003 blind school study conducted in Ethiopia (lower income) showed corneal blindness due to vitamin A deficiency and measles to be the most common cause of childhood blindness [30] . In a more recent study in 2011, in Ethiopia, congenital cataract was the most common cause of blindness [31] . The above discussion shows that there is a change in pattern of blindness in some of the lower middle income countries. The main cause of blindness in PPEDS 1 and 2 were unavoidable blindness (retinal dystrophies in PPEDS 1 and whole-globe anomalies and uveal coloboma in PPEDS 2). With a reduction in the preventable causes of blindness, there will be a relative increase in the unavoidable causes of blindness [32] . From the available data, it is evident that the pattern of blindness is emerging toward unavoidable blindness in the middle income countries, but remains to be avoidable blindness in lower income countries.
The causes of visual impairment across population-based studies conducted in India [8, 24, 25, 33, 34] were uncorrected refractive errors. In PPEDS 2, 61.29% of the children with PVA of <6/18 in the better eye, improved with refractive correction. This proves that there is an unmet need in this area, in terms of eye care.
Limitations of the study
This study is limited to a small geographical area in the southern part of the country and the results cannot be extrapolated to the entire country. This study will however be helpful to target appropriate service delivery to this area.
One of the aims of the national program of control of blindness (NPCB) in India is to eliminate causes of avoidable blindness by 2020 [35] . Though provision of low vision service is one of the aims of the NPCB, the major constraints in the delivery are, lack of awareness among eye care professionals, non-availability of good quality low cost, low vision devices and low vision training programs [36] . In view of the change in the pattern of childhood blindness, the government of India and other developing countries should consider an appropriate change in the current delivery of services, with more emphasis being laid on rehabilitative and low vision services. There is definitely a need for review of public health childhood vision programs in India.
Summary
What was known before
• This is a population-based cross-sectional study to measure the prevalence of childhood blindness and ocular morbidity in two backward taluks in south India.
• An earlier study (Pavagada Pediatric Eye Disease Study-1 [PPEDS 1]) conducted in this area was conducted in 3 phases. First phase used trained field workers to do the screening. In the second phase, children with eye diseases were seen by a general ophthalmologist in a peripheral rural hospital and in the 3rd phase, children with major eye diseases like cataracts, strabismus and retinal dystrophies were seen a pediatric ophthalmologist once a month.
• Though planned to be in 3 stages, it could not be conducted in 3 stages, since a large proportion (60%) of the children referred by the field workers did not come to the peripheral rural hospital and had to be evaluated in the field by the pediatric ophthalmologist.
• The ocular morbidity in PPEDS 1 was 2.66%.
What this study adds
• Identifying children with eye disease and then asking them to come to the hospital for treatment results in a low-response rate. It is better for the doctor to go the villages and treat minor eye diseases in the field itself.
• Using trained field workers may result in missing out minor eye disease like blepharitis (The ocular morbidity was 2.66% in PPEDS 1 and 6.54% in PPEDS 2, p = < 0.001).
• However, the prevalence of blindness in both the studies were almost the same (0.08% in PPEDS 1 and 0.09% in PPEDS 2, with a p-value of 0.668). This shows that, though the field workers missed detecting minor eye diseases, they were able to detect major eye diseases leading to blindness.
